Peroxiredoxins as preferential targets in H2O2-induced signaling.
Evidence has accumulated showing that hydrogen peroxide (H2O2) acts as a signaling molecule via oxidation of critical cysteine residues on target proteins. The reaction of H2O2 with thiols is thermodynamically favored, but its selectivity is imposed by differences in reaction kinetics. Previously proposed signal relaying mechanisms, such as the floodgate hypothesis and widespread protein sulfenylation, appear inconsistent with kinetic and diffusion considerations. Among all cellular thiols, the peroxidatic cysteines of peroxiredoxins (Prxs) represent preferential targets considering their high rate constants and their cellular abundance that place them as the first step in the H2O2-induced signaling pathways. The oxidized Prxs could transfer the signal either via thiol-disulfide redox reactions or through nonredox protein-protein interactions. Recent studies evidence Prxs interactions with protein tyrosine kinases and phosphatases, indicating a potential connection between redox and phosphorylation signaling pathways that does not need the direct reaction of H2O2 with phosphatase or kinase critical cysteines. Posttranslational modifications of Prxs have been observed in vivo (mainly overoxidation of cysteines and phosphorylation of threonines) that affect their peroxidase activity, redox state, and/or oligomeric structure, and likely impact on H2O2 signaling. More focus on kinetic data and redox-sensitive protein-protein interactions are needed to unravel the molecular mechanisms of H2O2 signaling.